Here we demonstrate the Shubnikov de Haas oscillation in high-quality Cd3As2 nanowires grown by a chemical vapor deposition approach. The dominant transport of topological Dirac fermions is evident by the nontrivial Berry phase in the Landau Fan diagram. The quantum oscillations rise at a small field of 2 Tesla and preserves till up to 100K, revealing a sizeable Landau level gap and a mobility of over 2000 cm 2 /V -1 s -1 . The angle-variable oscillations indicates the isotropy of the bulk Dirac transport. The large estimated mean free path appeals the one-dimensional transport of Dirac semimetals.
ABSTRACT:
Here we demonstrate the Shubnikov de Haas oscillation in high- As the three-dimensional (3D) analogue of graphene, 1 the 3D topological Dirac semimetals (DSM) host the topologically-protected Dirac points, which connect the conduction and valence bands in the Brillouin zone (BZ) and present linear dispersion in all directions around the critical points. 2, 3 The quasiparticles may transport in a free-of-backscattering way in the solids of DSMs, leading to various novel physics such ultrahigh room-temperature mobility, fast electronic response and linear unsaturated magnetoresistance. [4] [5] [6] [7] [8] [9] Intriguingly, the mean free path can reach hundreds of micrometers at low temperatures. 4 This casts light on a new candidate of the long-desired one dimensional transport, in which the interesting physics of Luttinger liquid and ballistic ejection have been expected. 10, 11 Intense efforts have been made on the confined transport of DSM solids including both the size reduction and mobility improvement. [12] [13] [14] [15] [16] [17] [18] However, the sample quality is often suppressed while reducing the lateral sizes, leading to suppressed carrier mobility. For example, Cd3As2 is one of the promising prototypes of DSM, which was predicted to be DSM as early as 2014 and subsequently confirmed by angle-resolved photoemission spectroscopy. [19] [20] [21] [22] [23] [24] A pair of Dirac points are seen in the vicinity of Γ point along kz with a large Fermi velocity of ~10 6 m/s. 21 Ultrahigh mobility of 9×10 6 cmV -1 s -1 and the transport mean free path can reach 200 micrometers at low temperature. 4 . While minimizing the devices by two directions, the mobility is found greatly suppressed. For nanowires with 2 confined dimensions, as the signature of high mobility, Shubnikov de haas (SdH) oscillations have never been detected although ambipolar behavior 12 and negative magnetoresistance in parallel magnetic field are seen. [13] [14] [15] The high-quality Cd3As2 nanowires were grown by a well-controlled CVD method. indicates an atomic ratio of Cd/As = 3:2, which is well consistent with the stoichiometric composition of Cd3As2. Raman spectroscopy was also carried out on a single Cd3As2 nanowire, and the result is shown in Figure 1 (e). We find two peaks at 189cm -1 and 245cm -1 respectively, which is consistent perfectly with the α"-Cd3As2 nanocrystal structure reported by S. Wei et al. 25 We transferred the as-grown Cd3As2 nanowires onto a SiO2/Si substrate to fabricate the field effect transistors(FET). The electrodes patterns are made by E-beam lithographic(EBL) and Ti(5nm)/Au(150nm) was evaporated by E-Beam evaporation(EBE).Then followed by the standard liftoff, the electrodes were fabricated successfully. We fabricated two-electrode devices, where nice contact was achieved and the contact resistance was well below the contribution of the nanowires. [26] [27] [28] All the measurements were carried out in the Quantum Design Physical
Property Measurement System PPMS-16 systems. . 4 Other transport parameters are summarized in Table I .
We then focus on the mean free path of the Dirac fermions. Two types of relaxation periods are recently discussed in the 3D DSM and Weyl semimetals, i.e. the `transport' meanfree time τtr extracted by Hall measurement and the quantum mean free time τQ obtained by the SdH oscillations. Due to the coherent protection from the backscattering, τtr is at least times of τQ. The τtr /τQ ratio can even reach 10 4 in some optimized cases of Cd3As2. 4 We have got the value of τQ of 6.32 × 10 -14 s as stated above. Therefore, the τtr of over 10 -13 s is obtained, which leads to the transport mean free path of well over 100nm after considering the Fermi velocity (l=vFτ). The diameter of the nanowire is 180nm. Our nanowire-based DSM device therefore appeals the 1D transport. The 1D transport might be related to the low-temperature increase of the resistance, which often occurs in the systems with a strong electron-electron interaction. 33 The enhanced electron-electron interaction is some common phenomenon in 1D transport system, as addressed recently in topological systems 34, 35 . In addition, no strong localization is seen in our device since kf l>>1.
The nontrivial Berry phase demonstrates the topological nature of the device transport.
According to the Lifshitz-Onsager quantization rule, 36 In summary, we synthesized the high-quality Cd3As2 nanowires through the CVD method.
The SdH oscillations were observed and the nontrivial π Berry's phase revealed the existence of Dirac fermions in the Cd3As2 naowires for the first time. The long meanfree path appeals1D quantum transport in our nanowires. Our work paves the way to study physical properties and device applications of low dimension DSM materials. 
